(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 06320473 A 
(43) Date of publication of application: 22.11.94 



(51) Int. CI 



B25J 18/06 
A61B 1/00 
B25J 17/00 
G02B 23/24 



(21) Application number: 05109569 

(22) Date of filing: 11.05.93 



(54) ARTICULATED MANIPULATOR 

(57) Abstract: 

PURPOSE: To provide an articulated manipulator which is 
constituted to facilitate insertion of a cable for an end 
effector into an internal hole even when a diameter is 
reduced and be brought into a sufficient practical use. 

CONSTITUTION: A plurality of curved parts 10A and 10B 
having a plurality of annular members 12s, 12b, 12c and 
14a ( 14b, 14c, respectively, concentrically intercoupled and 
curved in a given direction are linearly arranged and the 
adjoining two curved parts are coupled to each other in a 
manner to be curved in directions different from each other. 
Each of the curved parts 10A and 10B comprises an 
elongated sheet (an SAM sheet) 28 made of a shape 
memory alloy to selectively curve the curved parts, 
corresponding to each other, in a given direction; and a 
plurality of actuators consisting of wiring base sheets 36 
and 38 electrically coupled thereto and ICs 34 and 54 for 
controlling heating. A notch 24 linearly extended along the 
central lines of a plurality of the curved parts 10A and 10B is 
formed in a plurality of the annular members 12a- 12c, and 
14a-14c of a plurality of the curved parts 10A and 10B. 
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[#f¥S#©«H] 

mvt\z$tw2nT#mz&£2tx> mnet*2 -Dims. 

*ft«©Bf«©*Ift KWiHlcHlft 3 -&*$»© 7 ? 
g»©iSffig?©8&©StfgB;8l::jgf££n. &&©*$!& 

[00 0 1] 
COO 02] 

[«£*©£*»] iffiir«tt-rs-7=tfau—^e^<fli 

enx^O. WAtf^ffiB36 0-1 5 64 3 O^SIC 

©»ft«©«f©«sfcB»-r*2^tt«s:fcjiftofc* 

MisttA-r*. «»©»*»©** tt«Sfc^-C>WfcB 

b s nx^f s©^iri cfcinr * <fc ? ffisicMgs nfcis 

S©nS«SI5tJlcJ:0«ldc$nTV>T, ttS©RSI«S8 

«fc»4^ne*a*?wtcBif«©^i6ji'»ft3-a-5*©7 

5E£bS. IP*srtSiSi©#i*3i*Affl©S£fflS8, trttS*© 
ttlf A J WB*#**©*Mfc W >X*> C C D * ;* 5£©X 
>HX7x^^*tfifiSnT^T. ^Xtfa.U— *©8 
»©jSttg?©«Sc©RS8ttgS«©rtSS^P1'«:±MU75: 
8* ©fflUft^tttl V >X^> C C D ft * 7$©X > H X 
7x^©&©&«^-7^-W;*-v>;tf--r H7r-f A 

[0 0 0 3] ^MBH6 3- 1 9 7 5 0 3^SIZttrtS 
g|©#l*jj$ AS?***®* I'«A LB < f £&©X 5 -fx 

(3»^3r)£©mBlT?EB$n/tfflSc©BfSC^«©}g« 
IB«S&fi©giB8BS#i:&i&*.T^3. ?x-7*# 

©wgic«g^i^tc«t)fcx'j 5/ h**^snr^ 

T. X >J y Hi«»©KC^#©gIS8gB«©«0fc 

ft*l;:^:r-7##©¥g#fta^XU>.y h£^LTI*i 
«^©*W}fAeS5:}fALfcSIC. XHr^^a 



(2) &BIT6-3 2 04 7 3 

2 

6@s8?»«c:ne.ca»3nTg i zL-!/*#©^at>s: 

SS©gi@Sg5«IZilg£a;AS-&-5ca:lc«tr) 

?^-^*ft©iSg$fiis^S(i©®ST'bfr. iinc 
jo .to^a-^frroweHLf ©ftm&©#MfAestt± 

[0 0 04] 

mmwik t«k 5 t-rssa] ea;itfF*i8&©#i?T 

#rt#ASS©!tJSg£«*31i-3±T-KgT-»£. Vfr 
S<L.fc 5 6l*tf±i£Ufcft&!Ba6 0 - 1 5 

6 4 3 o^sicfaftsnxi-^vxtfii'-^Ttta 

a? 8©^ffiffi©ffi£K»*£3nfc&&©RStt8B$J©*A 

ip^rtffl^©*rtifAe8ffl]iai«s, iaesan?v>«a 

* <D&WM: J t>W.&yt¥%<»M® V >X^C C D U * 7% 
©x>Hx7xf^ ©&©£&© RSttt8!9*©rtgB£iPI 

* s ±& l tern* <d mm^M® i/>x*ccd*^7 
^©x>Kx7x?*©&©8f^-7;v-W;*-i?# 

•5©^HSC^:5. 
[0 0 0 5] HHBS6 3 - 1 9 7 5 0 3*4MliaEft3 
30 nTV^X^'f7 i -<>^a-^©$D<. ?a-7*ft 
©ESKg^fllCtBo&X'Jy hfcTBtSTtltf. ^a 

©.t^ftX^f^ >^o.-7£??rM©#|pJK3S#tt 
iCiSft 5 It* &©T X t! i U--^ fcttST * li^a- 

^^©^aro^ffiiJcyf^a-x-^^J^tt^: 
ttn«&6>T. d©<k3*jitPfflS'J#©7^^iX-3' 
«TXtfo.U~3'©itgffl/jN«fl:lcHffllS:b^t)©Ttt 

40 [0 0 0 6] £©?S?im±fe*1f©TT?&3ft> Cl©fg 
W©SW«. fig&/hS<UTfertg5?L I t"N©X>HX 

[0 0 0 7] 

i^^wicE@$nfflS(c)iiS5nT0fS©^ifi]ic»ffi-r 
50 izm&zn. m&^*2z>wm.\zmtiz>jjfa\zmm 
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(3) 

3 

«»©»tt«o«a^««8«^»fiKsn, «s©i«ft 

[00 08] 

win *EfcPM>»rcE«an«EKWia* , i"cwj8[ 

[0 0 0 9] ^n6«»©»ft*«>**©8ll«»«fctt 
[0 0 10] 

[SlO^iSW HI© (A) fctt, £©3BW©3S1© 
[0 0 11] »l©««0*B»v=fc!al/-*H:» ^ 

i>w tens 3B«»f*©*rtiK»ft-r*«*«)»ft 

81 OA, 10B, -ft«X.TV>*. «&©Stt»10 
A, 10B, •••ttR» , r*203WBHK»tt**lftfc* 
RT*.fc3«EfcRRSnTlf>*. «&©i*ffi8B10 
A, 10B, -©fl^fflte, MAtragHtttRR®^ 

strait*. 

[0 0 12] ±E£BStt#M«^-Eal/--$'©5fcR 
gS©2 0©j«fiS81 0 A, 1 0BT*£* 5fc*g©WfiS& 40 

i o Att*sicrai&»fc:*ts4nfc3fla)n8iitt««i 

2a, 12b, 12cSSW*D, Jfc*S©Sftffil0 
AfcRarr*»fiffli 0Bfc$fc«EK:H*»fcM6* 

nfc3«©HRtt«tfi4a, i4b, uctMT 

[0 0 131 5fc«©8ftffil 0A©RS3ttSS#l 2 a, 
12 b, 1 2 c©**14* 01© (B) I£7kT$0<* M 
R©a««©fefePi*^ &R#fcEW L& 1 KOgttHr 

RRfcRjttfK;'! SfciDHRafctailsnTS A 
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4 

[0014] rst*imvi oBonRttflwi 4 

a, i4b, i 4 co^n hi© (c) (is-ra 

erne* draft ftmuii 0B«£**(Rifc»ftga 

[0 0 1 5] HI© (A) , (B) , (C) fcft<S"T 

*n<> «»©»ffiasioA f iob, ~**rr*«R0> 

P]Rttffl*fl2a, 12 b, 12cRtfl4a, 14 

b, 1 4 cfttf-«)*^«)Hfi©T»aWcli«R©*ft 
651 OA, 10B, "-o»|iiCj«fc»^jiaUfc««^« ■ 

[0 0 16] HI© (A) fc£<^T*D<* 3fc*8©Sft 
ffil OAOPHRttffffl 2 a, 12 b, 12c©**© 
BB©±*lctt±B*««iC»V«IHUfc*2 6 MRS 

snwx. R2 6fctt»ttER£*»aflfi^S (« 

T* SAMStV^i) 2 8J&*E«2ttTV>*. SAMfi 

2 8»4±E«SO— »c±o»ricsnT^*#a*.«3 

0lC±D»2 6+fc#8£ftT^T, »2 6+TR«« 
(1812 a, 12 b, 12c lc#LTfi*#lftfc*#tt 
fcJWBlBtET**. SAM«2 8©-RSttR8rT*« 
ft«l 0B©ii«©HWR«#l 4 a©H8i:»*sn 

w*»3 2©±aaiai»icH3e*nTv^. 

[0 0 17] HI© (A) , (D) fc&<*T»<* R 
0B©5l«©nRtt»ttl 4 a©RBfc 
**anTVi««3 2+Kttfc*B©»f&ffll 0 A©2t>© 
SAM*2 8©JP»««l«OI C3 4fe@£$nt^ 
0, »3 2*TSAMffi2 8©-^8S£IC3 4te'6J& 

[0018] Hi© (A) , (O KA<ST<to<* R 
^T^>sfflS5i 0B&r;^nj^^©ifiS©^ftss^is» 

©RS«8B8l4a, 14 b, 1 4 cltf-0**0« 
RT?±«*>6WfttlsIDiFlR]lC^L-rnfcttRJC»4 I C 3 
4#6«Bt©»tt«l 0 A, 1 0B, •••©t*»C»Vi 
R«lrjllHb&E«B3 8^»JSanT*0, £©E& 
#13 8*££&©&fflSSl OA, 10B, ~©»B«fc 
fittT I C 3 4^e©BBS«4 OtfgffiLWAtfttR 

[0 0 19] R8T£®*881 0B©«»©PJS«S8tt 
14 a, 14 b, 1 4 cC5*^©HRT±R4*6Rffl'0 

D*foK*9 oirrnfc««K:j4±E*-Mifc»v«ffl 

L&i4 2#»*antV^ R4 2fcl4»ttE»^* 
S©*ffl:HV>ffi (£AT. SAM«fc^5) 4 4**E«Sn 
TV^o SAM«4 4J4±EHR©— *BlcJ:D»J«an 

Tv>*flSA«4 6»r<toj84 2+rcfia9anwT, 

R4 2+TnSttt«*ll4a. 14 b, 14cfc#bT 
I S^ffllCfcttMlcRRBttT?**. SAMS 4 4©— 
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5 

ft$©$fcfg©nSittfS#4 8 fKDmmz&J&ZtlT^Z 

[0020] ±ea&KR»**»ifi«©a*®Hatt 

ttgB#4 8 a©«Bfc#Jfi*hTV>*E*»3 8+©E 
«Sffi4 0 K««ttfc*«attTE«*3 8+fcHJfr£ 
nTV^I C54t**«*MlOB0*©SAM 
«4 40-««t*««BK«BIUT^S. IC54IJ 
S AMS4 4 ©MtfHWflT&So 
[0 0 2 1]^ &&©Sl»ffil 0 

A, 10B, •••©** ©«ft©nSitt»#l 2 a, 12 
b, 12cStfl4a, 14b, Hcfttf-O**® 

8, 4 4, ..•#±E»tt#frfeft*««ffi£*t*B#fc 
ffiBT?BR©»ft» 1 0 A, 10B, •••©tirilfci&o 

xjiifl-r«J:3EitsnTv^tt*>jc. *^©sam 

£2 8, 4 4, ■••©»W^**3»«tf6nTV»*»«l 
951 OA, 10B, -©WBlc»»Lfc*lft«l 0B, 
».©*©fcI^RBtt»#14a, 4 8 a, 
»rt*ftTV»*»3 2, 5 0, -*fcH3tanT*0, 
*fc, cn&5l*©HSH*»fl4 a, 4 8 a, 
*fc»*$nT^*E«JPI3 8«K:H«$nTV^ I C 

3 4, 5 4, ■••fc±DMk*IIS*U&. 

[0 0 2 2] £«©ttttffil 0 A©jfcB©H»R«** 1 
2 a©*M(C««xtfH^L^V>a^<DfflH*^«S3t 

areBanwr, ®»©Si&85i oa, iob, •••© 

**©«*©n««WM*12a. 12 b, 12c&tfl 

4 a, 14 b, 14cfttf"-©rt»2iB*K01© 
(A) fc 2 ^®j»T^-T$0 < ±«Lfca* afflB A*** 

t/JMJ 5 6 **jfe*»©i*ftffl 1 0 Afr £g*8©0^ 

[0 0 2 3] cn6a4ra>^r-^5 6ttBll<0 (A) 
lC*fiT?^"r*D<a»0»ftffll OA, 10B, •••©* 
*©&&©RSl#g&*tl 2 a, 12b, 12cWl4 
a, 14 b, 1 4 catf"'©"f**i6^ti6©T«©« 
DK£2 4£^LT£^XT^t-»<£T©RS#&« 
12 a, 12b, 12cRtfl4a, 14b, 14cR 

[0 0 2 4] Eftfc±DB*©^r-:/;V5 614, g*8© 

*fett**©»ft»l 0 ACDjfc*fflfc*tt*±Ert*£ 
i|OHP*5»<D*Sl«10A, 10B, -©*'fc» 

icm^Ai-a^ictt^*^ «»©»*« i o a, 

10B, •••©** ©«S©nB#*ttn 2 a, 12 b, 
12cStfl4a, 14 b, 1 4 c Rtf-G>/he<b*f? 
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5 

ofttlTt, 8&©R^#ffl»l 2 a, 12 b, 12 
c&tfl4a, 14 b, 1 4 cfttf-0rtJflffi*>&att 

»12a, 12b, 12cfttfl4a, 14 b, 14c 

[0 0 2 5] ±SBUfc»l©*««T?»4. S&©SftSB 
10A, 10B, •••^S^CiSft^t^aoSA 
Mffi2 8, 4 4, -iCtfaRtttBBe^rtlft^RtOTB 
S^nT^O, &SAMS2 8, 4 4, • t4E*aS«4 
0^6IC3 4, 5 4, ---&ftUT£tt3ttTV>«Btt 
Sffi3 6, 5 2lCiiS$nSS-CI4, 01© (A) fttf 
02© (A) (C^1-»<, ESS£«3 

6, 5 2(ca«^nai6'rsic3 4, 54, -ic^o 

Bf«o»KK«»an-6CtirJ;0. S2© (B) C« 
[0 0 2 6] HWCttotJJlWSHMlOA, 10 

fio*ft^frt>n*. a«*H7'r*t#sAM*R2 

8, 4 4, -"ttiaWMKlcHD, *fcH*bftV^«ltt 

A, 10B, •«Bi»B»Rlc*»T*. 
[0 0 2 7] C©3MB«T?tt, ffl&©*lffi8Bl OA, 1 
OB, -SBr)E©*lRHC»ftS1i:5»<Z>SAM«2 8 f 

4 4, HEBSS4 0. 3 6, 5 2, •»KtfIC34, 

5 4, ••^HKOMMIOA, 10B, •••©**©« 
fi©RSatt&#l 2 a, 12b, 12cRtfl4a, 1 
4 b, l 4cStf-^HB±HEB*n*OT, «jR 
©RBttttl* 1 2 a, 12 b, 12c»tfl4a, 14 
b, 14cft*2fc*ISS*fc«R:SAM«2 8 l 4 
4, HEMMK4 0. 3 6, 5 2, -&0IC3 4, 5 

4, -**»©ns«aai 2 a, 12b, 12 car; 

14 a, 14 b, 14c±©0f^©&@»C^S(w«^^ 

[m2<D%%m'\ ^3© (A) 1114, SS2©^J6#J©^ 
B»Tr:hfaI/-^lc«ffl*ti*B*©»ftflB7 0 A, 
7 OB, "-©^BStfSatlTV**. £©*)Mra4» 
£&©&ffl£87 0 A, 7 OB, -ttNi-Ti*©» 

T*30> AK:AOT#lC«ft©8ft8R7 OA, 7 OB, 

[0 0 2 8] «J0^#7 2i4SSc©»fi8?7 OA, 70 

b, -ofiissjBttcaio (a) k: 2 j!ia*"c*"ra 

<M5fi0jaBft^*^>^CCD*^^«OX>F 
[0 0 2 9] 5fea©»ft*7 0Ari±«ICfll«»7 4ft 
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(5) 

7 

aUfc««« t) 7 6 te «fc D 4 ■OWMFm&Kttft 7 
8 a, 7 8 b, 7 8 c, 7 8 d tei$#WteffiSte#8SS 
n-CSO. 3fcH©i5$ift887 0 AO&j&telPI&LfdsSffiSB 

7 0 Btt#S8©«tt«8 0£8Llfce&SHi!JD*t*8 2te 
J;0 4O©KR^ttfig»8 4 a, 8 4 b, 8 4 c, - 
lCffiSlC#f8£ftT*iO. «T»8LfciSfflfS7 OB© 

«&©B5KLftV>fc|fe&teM>T%**©l& 
*ldS»lxfc^fflfi5©^65i:tt^^fSlCK9 0«m 
fc&fitefctt$£8L;fcffil^O*#te<fcDJff£©8© 

CO 0 3 0] «&©fclftlS7 OA, 7 OB, -©$&© 
B8PmiMK«#7 8 a, 7 8 b, 7 8 c, 7 8dRtf8 
4 a, 8 4 b, 8 4 c, -Rtf-©£*©ft^ffltera:, 
03© (B) K*-r$D<&»©8lft6B7 OA. 7 OB, 
•••©** K**a<#£-r£*g#6B 7 4, 8 0, -±£M 
ar*»«^K«>li*VMR (£TF» SMA«£V>5) 

8 6^WiE©mi©*!SW©«-&©fll<EBSnTVi 
T. SfcSMAfi8 6-©DD3»©ife©0^LJft^S«S 
«*2ral!S®SP©&©@SUfclr> I C t>3;fcM>£©8J 1 © 
£J6fl©«£©»<&a©i8R®^tfffi#7 8 a. 7 8 a? 
b, 78c, 78d&tf84a, 84b. 84c, — R 
#•••©** ©WSffiteKHSnT^*. 

[0 0 3 1] 8&©8ffiSB7 OA, 7 OB, •••©**« 
6 -te®a3tlfcV>*£. 03© 

(b) (^-r^Kitn^ttsfis*, smass 6 -ica 
msnsMAfis 6 -t>mi£<om&\zism$tiz>ia&* 

@3© (C) te*Tto<J9rlfc©Stt»#S«t» tW»T 
li»«-r«>WffiSS7 0A. 7 OB, -feSfcMMM** 
8 Ote<fcOm5£©^(6]te^f 
5£©Sft^fft>ns. 55 

[0 0 3 2] am^*i7-rst&sAM«8 6 
jhkicrd. t&sa©i«ftg87 oa, 7ob, -sh 

^TV>50*Lfc^8ft®lii8©^a-:/©®£te<k 

ott!MnSft«li7 0A, 7 OB, -ttDSHj&ttte 

[0033] commm-vn. &&<»mm&7 oa, 7 

0 B, -j&*N i — T i J6©j@#tt-&&&©/Vr:/>S* 

ssnsct. a^roy-^ps 6©^©«jo^7 2 

©«a*ii^Ufcmi©*J609tetfc^T*#te/h^< UT 
fc. W9*£7 2$^c#<ffLj£tf*^tteJ;Da>!f© 40 

6zm&<D®mm o a, 7ob, -©rt8B 

^P*te^Ste#A-rsct*tffl*5«^OT?^<. 1*9 
[0 0 3 4] ££N 1 — T 1 &©j@3¥t£-&&K©/-W:/ 

^&-#Wte^sn5©-p. ffis©n^ttest*i2 

a, 12 b. 12c&tfl4a, 14 b, 14c&tf- 

$e>i8. 22, -te±t)«steiH]i!ie«a«Etea«s 
[fg 3 co^ssct] commmz* m2a>%mmz^x so 
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N i — T i &©j@#tt£&@©/^ fcWteJBjS 
£ttTV>fc}g8©&ffi8?7 0 A, 70B, -£EMKE« 

£&s©/w ^-ftWte^fj-r ^ cciaoffl^ 

$lft85 7 0A, 7 OB, -ttH 3© (A) Rtf 

(B) te*5nrt^iD#8l^«t03© (c) te?s 
^te*tt^sMA«8 e-te^DSKb-^^ffiSt© 

SiS7 0A, 7 OB, -®*>er^»^-r.5<S^7 
4, 8 0. -±£MtHl/T^-5. 
[003 5] &SSc©fSffig?7 OA, 70B, ■••©** t± 

Mfc-tzmmt-fizmnzntsi^m^ 03© (b> 
te^-rsn<s«!3g«<£«^. s«iit-^teaa$n»K 
t-fwmfcnmuz&ftznzm^ 03© (o t 
*-ra<^©»tt^«&ff-&. tM>T«*jj£rrs#tt 

6570A, 7 OB. -fctfcltllJ&ttSfi^ 

<8tt« 7 4. 8 0 IC ± 0 ffr£©#ft teffifcWflflSfttfrfc) 

n*. 

[0 0 3 6] »Kt-^^©aS*^Tf5t«»©fll 
ft857 0A. 7 OB, -*a^T^5S^U)5:^Bl^tt 
8flt5^a-7©#tt:te«fcoTfc*J£t-SiSilffi7 0 

A. 7 OB, -a«MMi(icflWr«. 

[0037] zommmomG* ni-ti *©s#tt 

^S©/U^eiSSc©«ftgB7 0A. 7 OB, -ft 
-ft=WteJgfK-rs^*©ffitefflS©»ftS67 0 A, 7 0 

B, -te*t£LT8gC©SAM«8 6-ft&ftLT¥« 
U £fc*tfc-f£iSffi6S7 OA, 7 OB, -tei&Otttt 
ft;tntf^e.^V»35 2©*ig0!l©«^teHs'<-5i:. SK 
t-*ftlpilU 7 OA, 7 OB, 

•••teiaotttt£f£ii©£#rot£g-e&.5. {5j&&£ 
«. »Kt-^[irwg©taffl.ft*ffjffl-r^^*fca±» 
gttinxe&s tr a ^ t & < *p«tB**^ e. t* 0 . 

*£WAtf8ei^ftfUfflUT#fflgB7 OA, 7 0 B, - 
±©3r£©*ffiteEg*@£©&©»^ft8fr£©^ 
fcLT£gte6g£t^;r£a<ffl*3A>£T&5. 

[JB4©**« •A\zm4Z&®LT. i©%^©^4 
[0 0 3 8] &iiC©iSSS©a*B}jgtt01&#5tte 

UTmriEbfcm i ©*ig«aj©s*eijiti^i;-e^©-e. 
u^ufc® i <Dmi&Mt&®<D®mzi,mm<D&mfm 

SI2U*tXte^^T©Piffl?ilKW«©B§-r-5. a 
4 tett. G3irr*»ffi« i o B©^te3 ^teB»-T5 

ffiftSBl 0C©aSORSttS?«4 8a, 4 8 b. 4 8 

c^snt^o. ^ne»©sijia5fe^©«ffig?i oc 

©®&©P]§3«:8Stt 1 2 a, 12 b, 12c©«iii:N 
UT&t). g&©RS3tt8Wl 2 a. 12b, 12c£ 
*a©85Wtett^a©#M«F^5l3L-?-nte-S)ViT©P 

[0 0 3 9] d©£J£09»i&&©iSffiSBl OA, 10 
B, IOC, ■■■<D2:*$:ffife<0%fa\zm&t<-&Z>&<D7 
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(6) 



S2 8, 4 4, -icftfrD, fiiaftawWo»«E«* 
^7^^ («T, SAMrM^t^?) 9 0a, 9 0 
b, 9 0 c, 

[0 0 4 0] SAM7^ft90a, 9 0b, 90c, 
« % ®4© (A) , (B) , (C) fc*1-»<**®« 

ag&ioA, iob, i oc, 0«sw>n«tt 

»#12a. 12b, 12c&tfl4a, 14b, 14 
cStf4 8a, 4 8 b, 4 8 cfttf-©#fflBiflWrfc J0 

B*jg-r*8fl«i oBRtf i ocatf-©ft«on«« 

8B# 1 4 aRtf 4 8 a&tf-"©*JSffi±fc»J*3*lfcfi 
H3ftgl^!R©St9 2 a, 9 2 b. 9 2 c, -+KEB* 
n, 8»©Rg#«S#l 2 a, 12b, 12c&tfl4 
a, 14b, 14c&y4 8a, 4 8b, 4 8cSff- 

i92a, 92b, 92c, -i|"fc«»a*lW*. 
[0 0 4 1] ft**BBAjl»«©*9 2 a, 92b, 9 
2 c, •»<D*a>RD'&5fc0>tt. Jfl#Glfc43V>T«Sfc: 

*ifijic*viT«sK*»ofctt«tEiianTv^. 

[0 0 4 2] SAM7-ft90a, 90b, 90c, 
<DX*\t* «*CI»«M«10B ( IOC. »•© 
**©«oniWWl4a, 14 b, 14c&tf4 
8 a, 4 8 b, 4 8 cJktf-©*mH±C»aa*llllfc 
(DfSftgglOA, 10B, 10C, -©XMfcia^Vi* 
ttfcS§ffiLfcE«fll9 6*KEH2n«*tf»Sffl*K 
«kD@££nfcE«IS«9 8fc.fcD±E»B®H^Ufc 

[0 0 4 3] SAMCM ir9 0 a. 90b, 90c, ■» 

©**tt3Ms*x&v>»&* S4o (a) k^-tak. 

J»«t5«ft»10A, 10B, 10C, 
»©R*«8t}12a, 12 b, 12c&tfl4a, 1 
4b, 14cW4 8a, 4 8b, 4 8cfttf-£ffll 

«fcns«&, 04© (a) ©tt»±D«#»js-r*»* 
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JO 



Nj + 3H, 

5© (B) |**-ra<E1lUT^fcBfffiO»ft»«t* 

[0 0 4 9] SMA/H^l 0 0 ©f??5£©*§fflJ£#£a 
«»ttfcH-rcii*#«IWll 0 2#6SMA/Vf:/1 
0 0ff^©iSffco«J&€r<9±-r^c:i:lCj:D±iB%^R 

[0 0 5 0] ca>a««MfflbT«4©3afi«lc45»* 
?ggfc©$ffi6&10A, 10B, IOC, •••©** 50 



10 A, 10B, IOC, -0**0>*R0R£tt 
12a, 12b, 12cRtfl4a, 14b, 14 
cRtf4 8a, 4 8 b, 4 8 c &tf-£e#<D#£3IS 

[0 0 4 4] Cftl:«oT#«t5*««10A, 10 
B, 10C-**tM»ttS«4. *6l^B»fe»* 

i^iK:»rje©*ft)W*>n*. a«a«irrr*i*sAM 

*M+9 0a, 9 0b, 9 0c, ---ttlMHPRlCR!)* 
*fc«ft©»tt«l OA, 10B, IOC, -OflJSffi 

»f6t«M»10A, 1 OB, -t>Sfclt«»ttl-a 

srr*. 

[0 0 4 5] 21©*««1Tri* SAM^t9 0a, 9 
Ob, 9 0c, -©iRKf**»*rr*»ft«l OA. 1 
OB, IOC, ••■©fcft©&fcffifflLTV>5©T, SA 
M«2 8, 4 4©»***»JKi"*»tt«Bl OA, 10 
B, .•.©»tt©»Jr«fflUT^*W5*oJBl 

[£5 0>Slfcfl] SWOjttMKStt* 
SAM7^ft90a, 9 0b, 9 0c, -RtfESSgfi 
9 8lCftfrO> 0 5© (A) [C3K£ttT^**D€rJIHfi^ 
«tt>ofc«U*»*<3!)»«E«'&*«/W^ (KT» 
SMA/1-f7£V>5) lOOt. £©rtB5K:iffi£©«S# 
ft«frt-*«#«WBl 0 2*«fflUTV^. 

[0 0 4 6] SMA/H^l 0 OttiM»ttfcflf£©tt 

rtaffi©ffl*IC±E«#tEiSUT«J»-r*«*t*R 1 
0 4#H££ttT^£. 

[0 04 7] £©*««Ttt«&Rl 0 4(itt (Fe) 

(Ni ) Rtf** (Hi ) 8&#«*&iEl 02* 

fcgiSi (Nt ) RZf*m (Ha ) #SMA/W^1 0 0 
«fi»C«»*n*fc««4*10 4«)ft (Fe) fcttT© 

[0 048] 

Fe 
i 

->2NH 8 +2 2Kc a 1 

om^\z\t. »4©**«tJt^*t«W6a9t** c ^ 

[0 0 5 1] ft:|3£®»K«TrWU «&&Ml0 4£a 
& (P t) fcU 8&#ft&iBl 0 2jfc&*»«n*«# 
(Ha ) RtfB?m (la ) tbT*. 8S#«& 

SEi o 2*>ssMA/t-f :/i o o t^c:ti6©tt#*ft 
c tic J; D Jdeufc*n<**ft**&^«»©** 
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11 

[0 0 5 2] Z0m&0{t¥ELfo\t&l : <D&o'Vt>Z. 

P t 
I 

H, + I, -*2HI +4Kc a 1 

*tz. H6fcS-*UK, SMA/H^l 0 0*£>j35ffi£ 

■frfcV* 2 ^0«#G>rt«ffilC 2 OCDffiSlCllfr 

SI 0 4a, 10 4b, «AHhai/ft«(Fe) iff 

(Pt) . *H£U H*ua^««««at*6 2 

^(DfflSfcgfcSfKSt&m 0 4 a, 104b£K£L 
T»S£C**5fcftfc*Wk «Att±»Ufc* (F 

e) (Pt) #2^©«2K*&*ttii&Ri 

0 4 a, 10 4 bGMfr&fcfcSS (Nj ) Rtf*5f§ (H 
2 ) Sfctt** (Hi ) RTSBVm 

(1 2 ) ssma/w7i 0 o*ic«» 

-rsctic^o* »fta*&^2o©«»ta*iwii3f 

SAM9^f 90a, 9 0b, 9 0c, -RtfiESISS 

9 8i:fttot), 07co (A) ic^$nrv^jn^2ao) 

»ttB«^*B^<^ (HT* SMA/H^Vi5) 1 
10, 1 1 2t*tOSMAMyi 1 0&MBSft& 
MSfflt-* 1 1 4tfffiffl3nTV>S. 
[0 0 5 3] /M(QSMA/H^1 1 0<h*&GDSMA 

/vr7i 1 2<h«ffiS{c:s^orcias-efflstis^ofc 
Bfjg<3Dia«icft:**TttH7© (a) icsanxv^a 

[0 0 5 4] fci5/hg0SMA/*f7l 1 OOTSfc®* 
ffl&f?3fi«tt*«0>SMA/vr:/l 1 2 3W9f3£©*ft 

HTH Mfcffit:-* 1 1 4fca«UJvgtf>SMA/Vf 

7i l otfiffijtvm&lz^M^ztfr&nsMArt'i'? 

110M7(D (B) t^-rjP<Bf^O*l^l«CBr«©» 
ffi£fr5o £m:<k9*g<0SMA/Vf7l 1 2t>*fc 
/jNg<OSMA/Vf 71 1 O^ft-r^^iC^O/hg^S 
ma/M7i 1 ottfcKfflC^fifcWftT*. 
[0055] an&Eb-* 1 1 4^©is&$ e>ic^ 
w\ *§0Sma;h^i 1 2*«Hffjeoffl*tiia"r* 

i*gOSMA/H^l 1 2I4H7© (C) fcwiHK 
Bffi©3SrfiIlcBfjeo»«ftff5. *g©SMA/W7l 
1 2 3»«»ft-r**lftItt^a©SMA/W ^1 1 0*«»ft 
■TS^fBliS^S^ AS^SMA/H^l 12li9ri 
tt&t/hg© S MA/H 7 1 1 0 ± 0 < *gtf> S M 
A/W71 1 2jWW**tt**©SMA/t-f 71 1 

1 1 2CD^fttC<hfcfc^/hg(DSMA/ , W 71 10fe* 

g©sMA/vr7i 1 2fcncAMictttt a rd. 
[0056] uo&fflb-* 1 1 4^©a«3W»±*n* 

gtf>SMA/M7l 1 2OfiJt*«»f3g©fflJt«k0t>fiT 

nt^gosMA/H^i 1 2im&o^\zf/mt 



) !($ffi¥6-3 2 04 7 3 

£;?3£§&£Lft<&D> *8fl)SMA/H^l 1 2»/h 
8©sma;h^i i o#«ft-r**K«fcD/hg0SM 
A/W71 1 0fcfct>fcWU#lfc»C»****5fcfc 
*g©SMA/H^l 1 0 0)fiJi3WBf3e«)fi*«k o 
fc®TT£<h/hg<DSMA/vr7l 1 0*«Bfr)E©*ian 
fcflT£££fS£Lft<&D, *g©SMA/Vf 71 1 
0tt*g<OSMA/VT7l 1 2i£feKH7© (A) \Z 

Kznx^zmzmmmzmk'tZo 
[0057] z<omi&mr\*. usfa^o&m&tzz. 

SAM7^ft90a, 9 0b, 9 0c, -fttfB«S« 

9 8»cft*50> (A) fcjftsttr^&aifr/hg© 
»ttEtfr&&«/Vf7 <&T, sma;H^^5) 1 

2 0 £/h&CDSMA/vr7l 2 0#Jf A3*l— ffl^BBS 

^ 7<hV>3) 1 2 2 <h£n£>/hgtf>SMA/Vf 71 2 OR 
tfcfcgOSMA/Vf 71 2 2<OE3^^nT^^ViffiSiC 

[0 0 5 8] /jNga>SMA/Vf 71 2 0 t*g0SMA 
/H^l 2 2i:«fflSiCS^o^?affiTfflSlCS^o^: 

mm<D&m\ztez&T*\*w8<D (a> icssnrv^a 

[0 0 5 9] fc£/jNgtf>SMA/Vf7l 2 0*Wr^©« 
,30 ftftff 5fl«tt*a«>SMA/M7l 2 2OT3?£©«ft 

V^Ttt, /jNg(DSMA/1-f7l 2 O^gOSMA/H 
712 2 t©|ynciin6©H*l/ft^ffl*8*6BI*ba: 
^fi*ttie#afcj;r)fl*39«tt3l&sn, £0ia#«0 8 
CD (A) i:*$nT^5*8©SMA;H^i 2 oo- 

Efl*lC£D'h«0>SMA/W:/l 2 0*«HfT3fe©Jalft* 
ff5iBKJcai»*r*t/h«OSMA/W7l 2 0tej?r£ 
©*rS»wHf5eo»ft*ff5. cmci;0^:gcoSMA/l 
40 -f7l 2 2fc£fc/hg<DSMA/Vf 71 2 Otf^SrTS 

*£±0/hg©SMA/vf7i 2 0£th\zffiC%ify\z 

[0 0 6 0] ±f2S*CDi^£££l£±#3i*\ *gtf> 
SMA/^71 2 23W9f3t©aftfcfll»rSi:*S©S 
MA/Vf7l 2 2BBf«©*|n»IfSlf«©«ft*ff 5. * 
g<0SMA/Vf 71 2 2*«ft"Ta*lRltt/hSOSMA 

/vr7i 2 oifimtbtttftt&teztfi* ±&<dsua 

} U 7 1 2 2 te»rffi«W*/hg<& S MA/H 7 1 2 0 £ 0 
fe**<*gOSMA/Hyi 2 2*Wft-r5Att/hff 

50 OSMA/Vf 71 2 o#&fit-£;fc<fc9t>*£^<D-e, 
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&§!¥6-3 2 04 7 3 



13 



14 



^gCDSMA/W^l 2 2 0mmzt*t3i^')>&(DSM 
A/W^l 2 0*>*gE>SMA/Vf 71 2 2&HC2rA 

[0061] B*bftVifi*««*a*6o»*o«a& 

#f?it$n, *&£>SMA/Vf 71 2 2 0WBr£© 

&&£Dfc<£TT*£*g©sMA/vr7i 2 2nm 

^712 2«/jNg0SMA/^^i 2 oaiwtt-rsaK: 
ctD/hssoDSMA/Myi 2 o tth\znvj3$\\zm& 

/h«©SMA/Vf7 1 2 0©»fltt*Bf i0 
£<DMS£9fcffiT^££/hg0SMA/vr7l 2 0** 

A/W71 2 0B*g©SMA/H^l 2 2 iit>«CH 

8<& (a) ic**nTv^»*a«»ttfca[»-r*. 
[0 0 6 2] ctommmnhmmo>m6(ommmom^ 

[SSSco^S&fll] cfl!>jdlWiJB7o«ll«a)2«©s 

2 122 0) rt^ffl<Z>i?TM<&?B 
afctflRttl 2 4M»frr*;iiK:±!K 210SMA 
/H^1 2 0, 1 2 2 0** om^cOMS-C^ft 

[0 0 6 3] *%<D S MA/H ^122 tC*5 V^Trt^ffi 

1 2 4iW«SnTV»*«»*rt«ftW*«n*«#lC 

aiai/T^aK naaf©*ff»tt 1 2 4^^© ^ 
[0 0 6 4] /hso) s ma;h ^120 oHmmoWMk 

tfl2 4lt *gOS MA/M 712 2 tfflhhfSBS 
fcST^SOSMA/Vf 71 2 2<h/hg<DSMA/Vf 7 

1 2 o toDB^BiBsan^iftfr^ia*^***!*:* 

<tfc % *f©SMA;M^l 2 2J:Dfe»ft-r«ia«** 
(SVvJvgO S M AAW 712 0 j&t«*©±EJa*lC <fc D 

[0 0 6 5] 

[si] (a) \*z<D%m<Dmi<»$mmz&?it&m 

(B) li (A) OB-B&fcfcofcSrffiB* (C) R 
(A) 0C-C«fc»ofcKBlH. tit (D) « 50 



(A) OD-D»:»ofc(rlfiBt*4. 
[0 2] (A) BH10E) (A) Kl**n&»l©*l 

^^ax-*«c,toa^ic«fcnT^*tta€«»» 

iC^-r«lK0T&D> -eUT (B) I4B10 (A) iC^ 

intern i ©sai«o^!»«)5i£«©»ft«#»»ra 

[0 3] (A) B^055W<D»2©^««tCaofc^H 

(B) tt (A) ©ft 2 0>*JS«©*B«©ft»©*ft«B 

UT (C) tt (A) 2 <D*JB«©*»«<0Jfe«a>» 



[04] (a) a^osmotB3o9dkflK:«ofc^H 

(B) ft (A) ©B-Bfcfci&TafcWrffiB* *LT 

(C) tt (A) <7>c-cfifc:»^fc0rffi0T**«, 

[0 5] (A) tt^a>»«a>JB4 0!)%lMICttoft^H 
fiS^xlfjLU-^co»ftffl©B»«)»©7^^JLX-^ 

fctt«6T^-r«»S0, *LT (B) ttfl#ftlHK*>&0> 

[0 6] ^o«M©fS5a>*a«lc«r3fc#llfl!svxif 

al/-^0»««©B»0»07^?iX-5r««i« 
[0 7] (A) J4^0*MO*6©S51KflHtt«3&*H 

ftuww * 2 «©»ttE*'&^^-f 7i/h«©#ttEit 

7fc#*S nfcJn&ffi t-* n -* ;u<h 
BTSilMSBB, (B) lfrh«0«HKE«££>Vf7 

sg^^-r»a0, ^i/T (o tt*g©#ttE»&&/ , t 

[08] (A) tt£©BWo»7©^W;:«o&*H 
MSVxtjLl/-^©»ft»<DK»©*o7*?3.x-^ 
*fi*«*»t t*K:«j^* 2«©»«E*^4^ 

T (B) li^©SHBOJB8 0)*IS«K«ofc*H»TX 
hf3.W--*0«dll««)Kft©»©7^?3.x--^Sa* 
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15 

10 A, 10B, 10C-SlMk 12a, 12b, 1 
2 c, 14 a, 14 b, 1 4 c -PWMKflBf* 16-3 
j|gfr> 2 0-«6fr, 2 2 4- 

3JD*#, 2 6-8, 2 8 -»*E1»^lla)«lfiVi« 
(SAMS) * 3 0-}f$m 3 2-* 3 4-1 
C, 3 6-EHSS* 3 8 -ESS, 4 0-E&S«> 
4 2-* 4 4-»«Et^»©ift^S (SAM 
«) % 4 4 8a, 4 8b, 4 8c-R« 

ttffi*** 5 5 2-E&SS, 5 4-IC. 5 6 

7 OA, 7 0B-&ffl&> 7 2-«D^ 



15 



7 7 SHMHBOfc** 7 8 a, 7 8 

b, 7 8 c, 7 8d-WH«#*»#, 8 0- 

8 2HMKWD**. 84a, 84b, 84c- 
mft&ft* 8 6-»«^4BOifi^fi (SMAfi) . 

9 0 a, 9 0 b, 9 0 c -J^REtt^&^-f * (SAM 

, 9 2 a, 9 2 b, 9 2 c 9 4-#£* 

9 6-e«»> 9 8-E^sfc ioo-^«tae 

&4B/M^ (SMA/M^) . 10 2- 



10 



1 0 4, 1 04 a, 104b-«Sm 110, 11 
2-^ttEtfrS&©> r W 7 (SMA/VfT) , 1 14- 
Mfcfflt:-** 1 2 0, 1 2 2-"»ttEttS&S/Vf:/ 
(SMA/M^) , 1 2 4 



mi] 



[®2] 




[05] 




[06] 



T 5 
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*fi8¥6-3 2 0 4 7 3 



[04] 




4 ce; ^ f o 



[07] 




4/ (9) 



(72)5§W# WEB 
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